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Freface
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The data reported herein were obtained during the experimental phase
of a study authorized by the Office, Chief of Engineers (OCE), as a part
of R&D Project 8-12-10-C01, "Effects of Nuclear Vieapons on Terrain and
Engineering Structures” (fiscal year 1957). During fiscal year 1958 it
is anticipated that these data, in a more extensive form, will be appiied
by Mr. C. W. Livingston, of Barodynamiecs, Inc., to his empirical approach
to the cratering problen and that the conclusions reached by Mr. Livingston
will be published l-ter. In order to make the test results available at an
earlier date, it is believed desirable to publish them in a form considered
more or less conventional for presenting cratering-type research.

The experimentel tests, along with the data reduction, were ac-
complished during the periocd March 1956-May 1957 by personnel of the Hy-
draulics Division, U. S. Army Engineer Vaterways Experiment Station
(USAEWES ), under the general supervision of Messrs. E. P. Fortson, Jr.,
and F. R. Brown. The study was rade by personnel of the Special Investi-
gations Section under the direction of Mr. G. L. Arbuthnot, Jr., assisted
by Mr. J. N. Strange. Test orerations and data analysis were performed
by Messrs. J. M. Pinkston, Jr., and S. E. Bartlett.

The comments and suggestions of Mr. C. W. Livingston, during the

—

early phase of the test program, are gratefully acknowledged.
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Notations

Apparent crater depth, ft

da/w1/3, ft/lbl/3

True crater depth, ft

dt/wl/3, eef1nY/3

dt/wl/3 in loess or clay, i‘t/lb]‘/3
d.t/wl/3 in sand and gravel, ft/1b1/3
Diameter of charge, ft

Average diareter of carouflet, ft
Dc/wl/3, ft/lb1/3

Horizontal diameter of camouflet, ft
nh/wl/3, ft/lbl/3

Vertical diameter of camouflet, ft
Dv/wl/3, rt/101/3

Height of charge, ft

Volume of camouflet, cu ft

vV /W, cu £t/

Volume of true crater, cu ft
vt/w, cu ft/1b

Apparent crater width, ft

v, w1/3, ft/lb1/3

True crater width, ft

wf/wl/3, ft/1b1/3

W£/W1/3 in loess or clay, ft/lbl/3
w£/W1/3 in sand and gravel, ft/lbl/3

Weight of charge, 1b

o b

vii
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Swimary

This study wes made in an effort to eveluate the cratering effects
of charges vlaced both gt and below the gir-ground interface, with em-
phasis on the deeply buried charges. Composition {-k charges of 1}8,

1/2, 1, and 8 1b wore fired in homogenecus deposiis of loess wund clay.
The resulbing craters and camoufiets were carefully surveyed by conven-
tiohal methods, From the test results it wus determined thet: (a) thoe
opbimun charge depth A cccurred within s range of sceled depths of burisl
such that -2.5> A, > 92.?‘;’»; {b) camouflets were formed in both the loess
and cley solls wheR the scaled depth of burisl A wee below epproximately
-3.2; and {c) the geometry of the camouflets waacessentially spherical.
Y/
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CRATERING EFFECTS OF SURFACE AND BURIED HE CHARGES IN LOESS AND CIAY

Introduction

1. This study was rmade in an effort to determine the cratering ef-
fects of charges positioned both at and below the air-ground interrace,
with emphasis on the deeply buried charges. A total of 85 shots were
fired. The charges were buried at various depths within the range
o> lb > -1k. In addition, the permanent radial displacements at the
ground surface were also measured.

2. The cratering tests were made in two types of homogeneous soils:
loess and clay. The tests in the loess soil were conducted in an area in
the northeast portion of the WES reservation. The loess deposits in this
locale are extensive and unusually homogeneous. Similar tests in clay3*
were accomplished at the WES Big Black test site located about 10 miles
southeast of Vicksburg, Mississippi.

Test Conditions

Properties of the
loess and c materials

3. The following tabulation presents the average properties of the
loess and clay materials as determined from a number of similar samples.
'The Atterberg limits were obtained from a total of eight samples, three
from the clay material and five from the loess material. Density and
moisture-content samples were taken before each shot at a depth corre-
sponding to the depth of burial of the charge. The values listed are the
averages of the individual observations:

Density Moisture Content Atterberg Limits

1b/cu ft % LL PL  PL
Clay 117 20.8 43.0 23.0 20.0
loess 113 19.0 Lh.8 24.3 20.5

# Raised numerals refer to items in the list of references that follows
the text of this rerort.




The two materials manifested only small variations within the respective
test areas. The density samples exhibited a scatter of approximately :5%,
while the moisture-content samples showed about 10% variation.

L. The results of mechanical analyses are shown in fig. 1 for both
the loess and clay materials. The similarity of grain size is apparent;

howvever, as the plot indicates, the loess is the finer g:ained of the two

materials.
u. s “M_PSI(U_I ﬂ_ﬂl_ﬂ IN INCHES U. S. STANDARD SIEVE NUMBERS HYDROMETER
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100 v T ™ rl I—T% [ o
0 10
™Y 0
\
e
5 © i L8 ®
® |
£ . \
S0
g | W
g - \ \[L}t{coess -
1) | \
€ Y
O . | \ < ™
» L 3
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GRAIN SIZE IN MILLIMETERS

Fig. 1. Gradation of loess and clay soils

Test charges

5. A total of 59 shots were fired in the loess raterial and 26 in
the clay material. All charges were cylindrically shaped and were hand-
pack~d from bulk supply of composition C-4. The various weights and di-
mensions are described in the rollowing tabulation:

Dirensions of Charge, ft

Charge Yeight, 1lb Heipght, H Diameter, D
1/8 0.12 0.12
1/2 C.19 0.19

1 0.2k 0.24
8 047 O.47



r

These charges were rositioned at reduced depths which varied from J\c =0

to lc = -14.0, the minus sign denoting positions below the air-ground

interface.

Test Procedures

6. The holes in the respective materials, in which the charges were
placed, were bored to the proper depth (z + 1/2 H) by means of earth
augers of various sizes (diameter slightly larger than the corresronding
charge diameter ). After the charges were placed, the access holes were
carefully backfilled by hand-tamping the material to about the same
density as the surrounding soil. The charges were then fired using a
Corps of Engineers special electric blasting cap as the detonator.

7. Sounding of the resulting crater or camouflet¥* boundary was ac-
complished by carefully cutting a trench along a diameter of the crater or

* camouflet to a depth sufficient to expose the limits of complete rupture.

Tue various profiles (apparent crater, true crater, complete rupture limita-
tions, or camouflet ) were then sounded using conventional crater-sounding
techniques. These methods have been described in detail in other VES

wblica‘bions.a Crater and camouflet nomenclatures are shown in plates
1 and 2.
Test Data

8. Table 1 lists the dimensions of the craters formed in loess,
table 2 presents similar information for clay, and table 3 presents perti-
pnent measurements associated with the camouflets in both lcess and clay.
Plots of the appareunt craters, the true craters, the complete rupture zones
(uhere definable), and the cross-sectional geometry of the camouflets
(vbere applicable) are shown in plates 3-41. Only the half-crater profiles
are shown; these, however, were derived as an average of the total profile.
The boundaries of the various craters were determined by averaging the ap-
propriate measurements obtained along a diameter of the crater/camouflet.
Photographs of typical craters are presented in figs. 2-10.

# The hollow sphere formed underground vwhen a charge is detonated suf-
ficiently deep so that the void created does not breach the surface.
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Fig. 9. After trenching, shot 32 (xc

-3.25)



9.

to ascertain the reproducibility of the results.

P

# v.'-.l

Fig. 10. After trenching, shot 2C (lc

Since the nunmber of repeated shots was limited,

it is difficult

The following values

vere deterriined from a cursory study of the scatter associated with the

mass of cratering data obtained.

scatter ranges noted for each dimension.

It should bte noted that the presence o' relatively large clods or the

Crater Dinmension

Averzie Ranpe of Scatter,

Avparent Craters

Depth, d +15=50
Width, w_ +20-5C

True Craters

Cepth, dt +3+3

Jidth, wy +10-15

Volure, Vt +10-20
Carouflets

Horizontal diarecter, D +3-9

Vertical diareter, Dv +3-5

Volume, V_ +10-20

The values listed descrite the average

loess
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or clay material within the crater cavity may seriously affect the consist-
ency of measurements vhen apparent crater dimensions are being analyzed.‘
Examination of figs, 2; %, 6, and 8 illustrates this condition.

Discussion of Test Resulls

Va-iubles that affect cratering

10, Tbe veriables normally considered of msjor importance ir -ater-
ing are: préperties of the explosive used, weight of charge, strength
properties of the earth meterial, ard position of charge,with:;espect o
the gir-ground interfsce. Since C-l was used exclusively as the explosive,

no varistion in explosive properties is ccngidered in this reﬁort. Because
of the restricted range of charge welghts used, the effect of varying the
charge velght on the slze <raster formed could not be experimeﬁtally deter-~
mined vith a cuituble degree of conf.dence; therefore, cube-root scaling
vas agsumed to describe the charge weight effect. As previously mentioned,
tvo tyres of soils were used and the efTact of soll type iz evaluated by
comparing the results obtained in the ela,; with those obtalined in loess.
The position of the charge is the most critical varieble iwn this stu',. It

exerts the greater influence on the determination of crater shape and size.

Effect of soll type

1l. A comparison of the densities, moisture contents, and cchesive
properties <f the two materisls shows that they are remarkably similar
(ree teble in paragraph 3). When the cratering effects obtaimed in the
two materials {tables 1, 2, and 3} are compared, it is difficult to de-
lineste vhich material developed the larger creter as o result of similar
shots. For exatmple, where direct comparison of the crater dimensions in
loess and clay is possible, the linesr dimensions of the true craters were
found to differ oy less than 5% in nost cases. Since the pattern of
scatter previously discussed in paragraph @ indicates a spread of roughly
5 to 15%, it is concluded that little or no effect on cratering resulted
from material varietion when linear dimensions are considered as the basis
of comparicon. VWhen the true creter volume is used as a basis of compari-
son, there 16 an indication that craters produced in clay were larger

than those in loesa for Jdentical shot geometries.

s e .t apim st < e :
— s v ol - it e g e R e s o RIS -
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Effect of charge
position on cratering

12. Cratering range. The range of charge positions that produced
the conventionally shaped crater (concave upward) was confined to the
range of charge positions where A, 2 -2.0 in the case of the apparent
crater and to A, 2 -3.0 in the case of the true crater. The profile of a
typical crater is illustrated in plate 1. The following paragraphs
describe the manner in which varying the charge position affects the mag-
nitude of the resulting crater.

13. Apperent crater depth. The apparent crater-capability curve®
for depth (d; vs lc) is shown in plate 42 for both the loess and clay mate-
rials. The curves indicate similar trends in both media. These data in-
dicate that if they were used to predict results of future tests the ap-
parent crater depth could not be predicted closer than +50%. Other cra-
tering studies involving the use of heavier charges have indicated a range
of scatter in the order of +25%. Both curves indicate that the maximum
apparent crater depth resulted when the charges were placed at about
A, = -1, and that the maximum height of the earth dome (positive values of
d8 and d;), resulting from a bulging upward of the earth mass, occurred
when the charges were positioned such that lc was about -3.0 to -3.5. No
evidence of surface failure or measurable upward displacement at ground
zero was assoclated with charges placed at lc = =10 or below.

14, Apparent crater width. The crater-capability plot for apparent
crater width (plate 43) convincingly shows that the crater width is much
less consistent than the crater depth. It was believed inadvisable to at-
tempt to draw a curve through the plotted points. The major reasons for
these inconsistencies were pointed out in paragraph 9. In spite of the
inconsistencies, the plots indicate that the apparent crater width in-
creases with depth of burial of the charge to the point where lc is about
-4,0. Below this depth of burial, the appareat crater width describes the
diameter of the earth dome created by the bulging upward of the earth mass.
When 1c is gbout -10, no evidence remains to indicate residual displacement

of a magnitude sufficient to warrant measurement.

* A crater-capability curve is any plot of a reduced crater dimension

1 ] 1
versus reduced charge position, e.g., da Vs lc, w, V8 kc' dt vs lc, etec.
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15. Prus cm"é:ef depth. The true crater-capability curve for depth:;'
is presented in plate U, Thess plots show that true craters were cbtained
over the range of charge positions defined by 0> A % -3.2. Over this
renge, 8 linear relaticziiip exists between the true crater depth and the
&epﬁﬁ of buriel of the ‘eharge, Thie varintion 1s described by the

SR P TR R

TRy TPy

equations,

&,;; = -0,88 + la06 lc (h}ggg) (l)

af = -0.95 + 1.0 A, {clsy) (=)

for ‘the loess and clay abil materials, respectively. For egtimsting pur-
poseg, it is convenient to assume the regression coefficients equal to 1,

a8 in the feollowing exyression,

¥ A IIRAET MLt AR o 1 4SR0S iR

ph- 0l
af = -1+ 1, (3)

SERCEI AR RO

Equation 3 may be altered such thet,

dt/Wl/B . -1+ 23 (%)

U B

S8lmplifying,

B

AN

a = 3 4 g (5)

L CE TR RN R

Since ).c and 2 are slways negative for charges positioned below the alr-
ground interrace, then dt. will also be negative, indiceting that the crater
18 concave upvard and that the bottom of the crater lies below the origiusl
round level, ¥From equaticn 5; it is obvious that the depth of a true i
crater in loesz or clay may be estimsted by adding the cube root of the
charge weight to the actusl depth of burial. BSimilar analysis of results
obteined from true crater measurements in a cand-gravel mixtm:'el {see dashed

curve, plate bl) shows that true erater depth 18 closely approximated by

I T SR T

IR




a, = -0.5 VERNP (6)

for values of O > lc > =1.0. When this equation is algebraically modified
80 as to be similar to equation 3, the following results:

) = -0.5 + A, - (7)

Comparison of equations 7 and 3 over the range 0 > X 2 -3.2 indicates that
cratering in a sand-gravel mixture (Nevada Test Site) is less extensive
depthwise than in loess or clay. Fig. 11 shows a comparison of the reduc':ed

2.0 crater depth in loess or
clay (equation 3) to the
same dimension in a sand-
gravel mixture as a func-
tion of J\c. The term

[ ]
d'lc

&, " \

1.0

dl
tlc
dt'sg

A is actually the so-called

"soil factor" for true

Fig. 11. Soil factor (for true crater depth)
as a function of reduced charge position crater depth. Fig. 1l in-
dicates that the soil

factor varies with depth of burial of the charge and that the maximum ef-
fect of the s0il type on the crater depth is obtained when the charge 1is
placed at the ground surface.

16. True crater width. The crater-capability curve for true
crater width (plate 45) 1s characterized by considerable scatter and
indicates only general trends. The date indicate that the width re-
mains essentially constant for charges placed such that -1.5 > 1c > -3.5.
Over the range O > xc > =1.0, the data from AFSWP 290 show similar
trends for the sand-gravel mixture. The true crater width in the sand-
gravel material is less than the width of the true crater in loess or
clay over the range of charge positions vhere direct comparison is
possible. If the sand-gravel curve (plate L5) 1s extrapolated,




then it is possible to construct a soil factor for true crater width

vs lc cuwve as shown in fig. 12. This plot shows that the crater

width is much less sensitive 2.5

to variation in soil type
than is the crater depth.
Again the soil variation ef-
fect was a maximum when the .

charge was placed at the 9

surface.
17. True crater

volume. Examination of the 1.0

data listed under the

columns headed vy and VE in

tables 1 and 2 suggests

° I
RANGE OF A, ~___| N
0 3
CLAY —~
v 20

10

AVERAGE OF
LOESS DATA

A

[

Fig. 13. True crater volume as a function
of reduced charge rosition

-1 -2 -3

Fig. 12. Soil factor (for true crater width)
as a function of reduced charge position

that the depth of burial of the
charge (lo) that produced the
maximum true crater volume lies
in the range -2.5 > lc > =2.79,
as shown graphically in fig. 13.

Effect of charge
rosition on camoufllet

18. Camouflet range.

Camouflets were formed in
every instance where charges
were buried at scaled depths
below about a lc of =-3.0. The
minirum scaled depth where a
full camouflet was formed was
observed for the case where
two 1/2-1b charges were posi-
ticned at lc = =3.15 in the
loess material. The l-lb-charge
tests in loess indicated that

the camouflet depth was at a
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A, Of about -3.25. In the clay tests, no int Wmﬁmm depths of burial
were team:m be@mma the scaled @mtm of A m= -.»3 4] msti A a .,3 5. Teese

formed by e&mﬁﬂa positioned swh that 2\ ’5 «3.,2 in m@ﬁ@ri&l&; that are
ainilar to the loess and eclay mzrddn d@mrimﬂ. haredin.

19. Bize snd shers of the m;;maf‘le‘tg The size of the ceamouflet sms
deternined by measuring the diameter in both the hordizontel evd vertical
direction. These dats sre llsted in tabls 3. %ﬁ’gwmtxy of the cemou-
flets formed wag 1o most cases z&lmzﬁ; perfwtly cymtr.?.cm about the. pre-~
shot centor of gravity of mgee In fig. 1, by the ver%ieal &iwt&“

: ig plotted ws o function of .the

G T e
g | hordzontel dima%m‘ fer all
a ._..g._h{_. tents that m*c&uc P camuf..et

in both laces and clay soils.
The leani-aguared equaticsn of the
date plotted ig,

D, = 0,14 + 0.95 % Dy {8)

For sll ypractical purpoges,

D, =D (9)

which implies that the shape of
the camwouflet is spherical. From

dge W, Vertie etk 8 Tuy
Pig. 4. Vertical diemetar ss3 a Tunction plate 2, 4t chould be poted that

of the borizontal diswmeter
¢he dimengion D X does not ipcluie

the conically shaped irvegularity at the apex of the camoullet. Thig ir-
regularity is ettributed to ths original distuwrbance of the soll in the

drilling of the gccess hele for charge placement and subsequent backfilling.

The limits of the scecess hole and the irregularity deseribed can be gecn in
figs. 9 axd 10,

20, Flates 86 ard 47 can be used 1o estimate the size of u camouflet
resulting from the dztomation of a glven HE charge at o specified depth.
In plate 46, the reduced horizontal and vertical diameters of the various
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epmouflets are plotted as & f;nction of the reduved & nth ﬂf burial of the ’

charge.. A verlation-in the size of eamoufl&t is not&d a3 thc charge dep%h
of burial changes. ‘If this variation is neglectcﬂ and all dim@nsioﬂs ﬁ; AT
D' and E' arp sveraged, then the cawauilet sizc way te estimated nv

ﬁl or DA = 2,27 + O.h
7 S
s RS | ; ,
where the spresd quoted is For e confidenée level of §5%. In tie loess
8011, the maximum comouflet was noted at o A, of about ~8.0. A similer
conclusion in clay is not possible becsuse of the paucity Qfﬁthe d&ﬁaf In
plate 47, where the reduced volumes of the cexouflets arve plotted as a

function of the reduqéd charge position, it is alsoc established that the

maximum size camouflet in loess occurred when hc\is about ~8.0.,

Investigetion of the Parmaneﬁﬁ Radial Displacement

21, Permanent digplacements ntl the ground surlece were ~btained by
pre- and postshot surveys of tacks pleced radislly sbout ground zerc slong
four radisl axen for the 1l-31b tests in loeas. The tacks were pleced at re-
duced distances ()) of 3, 5, 7, and 6 from ground zero. Fip. 15 chows the

6.t0
&' 0.08
S §235)
o T
2 4 & 8 10

Fig. 15. HReduced displacement as a functlon of reduced horizontal distance

=osults uil the displacement survey. The values plotted include the date

from variouvus charce positions 0 > )c “ 4,0, The figures in parentheses
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denote the mumber of resdinge ohbtained at the particular eordinste veluso.
22. The cwrve 6§ é;'@,m represents the mouimum reduced displacement
azaociated with the varicus values of 2 . The point st which the cuyve
lntersects the A-axis denotes the outer limlt of the plastic zone of
falluwre., Beyond A » 10, the medis acted elastically. Bimiler meapures
mente reported in other craber .&%uﬁieesl}"g ivdicate that for a varisty of
soll materiszls eand for cherge weights up to 200 1b, the outer limits of the
plastic zone extend gver o range of A = Q@ o A = 173 however, significent
displacenenis wors essentilally confined within the rauge A § 10,

Conclusions

23, Hince thege teste were condusted in solls that may be consid-
ared homogeneous, it 18 belleved that the scatter in the date noted for re-
peated shots swst b attributed to & source other than goll property varine
tions, Much of the scatter can he ativiouted to the amsll weighls of ex-
vlosives used and the large-size clods of materisls which beve z definite
effoct on sppurent craber messwements. It 18 belleved that the true cro-
ter and camouflet date represent the extent to which cre’~ring experiments,
invelving repested tests using emall charge welghts, are reproducivie.
Contrary to the general opinion that crater width is more consiatent than
crater depvh, the data indleate thet crater depth is o more reliable meas-
ure, particularly for true crater dimensicns.

ok, e proverties of the loese end clay sells smployed in these
tepts were similar to the point that differsnces noted in the test resulis
could not be attrivuted to the distinct soll types,

25, The range of cherge positions resulting in formation of con-
ventionnl crater ghapes {concmve upward) was confined to vslues of
2 2 «2,0 for the apparent crater aud ) 2 -3.0 for the true crater.
Uamouflets were formed Por all charges positioned below @ kc of ebout ~3.2.

The range of the reduced diameter of the camoufiet was 1l.75 to 2.60 over

the renge of charge positions from }»c = =3,0 to Ac = «14,Cs The following

equation (10) provides & means of quickly estimsting the camouflet
diemeter in clay or loess Boils when -3 > A > -1k,

T T T R, SEERLIL LA T TR B S AN TS s S LAV -1 e L,
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b, = 2.27 W3

26.  These resul@a are belleved sdaptable
rials, although v;rianicna in the natural moist
rials may vell affect the camoufllet size. Hors

be pra&uccd-in moist to web Natevialq than in th

This increasa in aize usuelly amuuats to ubaut
that camcuflets formed in homggeﬁaaus coheaive

practical ;urposes) sphérical in ﬁh&@ﬂ with ve “

27o Reaul 8 of residual aisplacemsnt nes,
ground interface indicated that no messursble e
curred at ranges greater than A = Q.

17
{10)
e wost cohesive mate-
e content of such mate-

1ly, lavger craters will
ge in the dry stete,
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Teblo 1
Besults of Cratering Teate in los2se Uoll
8 g ji i 5 4 3 ¥
Avpares, Spater . - o rus Crater i
1 P Ao, 1 ; i by B R T h i ar
A A a SCAIES 3 e [}
Zhat Z ?1/ wa Ciﬂ. i /‘";-/3 a /H?/’% w‘& : GJ?, vt ‘v /;/3 d /“;/3 "vv/,t'
By, gu o3 e gy Yy /W e gy pgd MM ¥
© Charge Wedghtso 1 3h, Cek - A
19 0 0 240 0.5 248 -0,% 240 w080 1,15 240 -0.60 .10
25 ¢ 0 2,50 -0.93  2.50 083 2.8 L0079 A6 2,80 - -0.70 105
27 «0.5 0.5  L.00 -0.98 h.00  .0.98 L.00 -1.47 G551 L0017 6.k3
23 0.5 0.5 8,00 1,20 400 <120 50 SLB0 O A.88 LusD o Lako 6098
2% ~1.0 «1i0 B.ho <072 Lo 0,78 B.50 -2,03 4%.8° 0 5.36 0 -2,03  13.8
e Y W ISR RTO NP WL, o RN o (O RGRE Ty, d it o B L TR < M e S b TR W s R TR B Y
22 <l «1.5 640 -0.33  6.50  ~0,33  6.00 2.9 19,6 6.5 248 19.6
28 ".i.o'j "1-5 )5'50 *0-58 hr% -O.Ea 5-00 ,*13,«:‘3'2 l?nut L ﬁom ~E.§2A 1792.
8 .20 2.0 B0 A0.20 0 AT 0,20 5.0 -2,0% ,19.0 5.00 2,89 19.8
al "2.0 "2:0 5-20 “0013 5:20 £y »Oalf‘s 5:50 "3432.1;?. 2003 5‘50 '30“?‘-‘ 20.3
b 2.5 ~2.5 L,0o 0,10 - B0 0,19 5.00 -1.58 20.5. 50000 3.2 20.6
17 "2-5 "‘2‘5 2-7 ’0:1‘0 20?0 ."_O~_' T 6109 "3!52 9507 6-% ‘_"3'5& 35-'{
29 2.5 =275 10,0 4008 10.0 0,06 6.00 -3.79 28.5 o 6.00 -3’.@9 LeB.5
31 -2.75 2,75 10,0 .31 10.0 40.31  5.00° -3.85 1.0 5.00° . -3.85 18.0
33 “2.75 2,75 9,00 40,31 900 40.31 5.00 ~3.75 21.0 500 ~2,75 21,0
15 3.0 3.0 10,0 #0700 10.0 0,70 5.50 «b4.10 258 5.500 0 WBol0 2uA
12 «3.0 »3.0 8,00 40,55 8.00 40,55  5.00 Lh.00 82,3 5,00 ~5.05 22,3
30 “3.25 «3.25  9.60 +0.58 2,00 008 »
32 ~3.25  -3.20  9.00 +0.55%  G.00  +0.55
g =35 -3.5 8.00 +0.8k 8.00 +0.85
10 -.75  -3.75  B.00 $0.63  B.00 40,63
14 «3.75 =375 .00 045 10.0 +0.44
11 4,0 wlp, 0 8.00 +0.30  5.00 +0.30
13 b0 ¢ 9.00 40,31 G .00 +3.31
20 4.0 0 .50 +0.31 Y. 50 .34 Comoullet rouge
1 5.0 4.0 6.00 +0.02  6.00 0,02
2 Ry 5.0 8.00 40 25 B.00 40,05
i «5.0 «H.0 .00 +0.04 5.00 $0.04
3 -8,0 -8.0 9.00 +0.01 9.00 +0.0),
i -8.0 -8.0 8.00 +0.02 B.00  +0.02
5 =10.0  -10.0 700 40.01 7.0 40.01
6  ~10.0  ~10.0  sewon aemen  moume  suees
B 1.0 =1h0  eeenm menna eamew movan
Charge Yeights 1/? b, Coh
3% o} V] 2.20 -0.28 2.7 «0.35 2.2 -0.75 1.8 2.82 <054 2.3
34 0 0 1,80 -0.20 2,26 “0.2%  1.90 -0.62 0.73 2.3u -0.78 1.
ha 0,50 <0.63  3.00 -0.60 .78 -0.76 0 3150 1,20 3.97 L.08 -1.52 1.5k
52 ~0.50 «0.63 k.00 -0.35 5.0% Okl B0 -1.33 6.40 5,0k «1.68 12,00
b7 -1.00  -1.26  3.50 -0.3% b4 -0.48 3,70 «1.73 6,826 L .66 -2,18 12.52
15 L0 =1.25 b.oo -0.31 5.0k -0.31 k.00 -3.73  5.09 5,04 -2.18  11.78
50 =1.5¢  «1.89 6.00 +0.02 7.56  +0.03 k.00 -2.28 £.63 5.0k <2087 1720
54 «1.50 1.8 4.00 -0.70 3,78 -0.86 3.00 -2.23 6.8 3.78 ~2.81 13.62
53 ~2.00  -2.52 6,00 +0.12 7.5% +0.1%  3.00 -2.7h% 7.4 3.78 -3.h5  1%.80
Yo “2.00 -2.52 6.50 +40.07 8,18 +0.09  3.50 -2.79 8.36 L by 3,48 6.72
3% B 00 -2.5 5.0 +0.30 6.30 +0.38  3.50 -2.78 11.1 by “3.50  2n.e
L «2.18  -2.7h 6.0 +0.67 7.55 0.8 cece mmnnn haas mesn emmma eeaas
L8 2,18  =2.7h 6.00 +0.07 7.5 4009 3.00 -2.9% §&.01 3.78 -3.73  17.62
51 2,18 2.7k 5,50 -0.02 6.93 -0.03  3.00 -2.99 §.03 3.78 3,77 16.06
ho -2.50  «3.13  6.00 +0.%51 1.6 +0.6%
b3 ~2.50  -3.15  $.50 +0.28 8.18 -0.35
kY «3.00  <3.7 .00 +0.36 1.6 +0.%5
55 -3.00 -3.78  6.00 +0.26 7.56 +0.33 Cemouflet raonge
hs <3, 1 -3.50 .50 +0.17 8.18 0.2
3] “3.10 «3.90 5.5 0.9 65.02 40.33
3€ =3.25  =h.09 6,00 +0.30 T.56 +0.38
46 -3.2% <409 5,00 +0.37 7.56 +0.3h
foto: Minus sign refers 1o below original ground; plus aign ebov~ originel ground.
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Tablg 2
Regults of Crotering Teats in Clay Scil

SLRTTR S

IR A,

Apmrent Crater

Prag Crater

MR PANGIET A Wil ef bl e

t

A v ar o ar .
] c w ] 5 S d Ve . i v
for _tv i3 o e Yo/ e ‘ﬂf”m R e /2 a /3 thg‘; ;
Charge Welsnt: 1 ib, C<li g
57 0 0 3.00 «0.65 3,00 065 1.0 ~0.89 2.37 3.00 088 2.3 §
8641 1.0 " <2,0 Tl Ne1030 46080 NL30.  k.E0TRE05 = 10 60 -2.05 1.0 3
58 2.0 -2.0  5.00 0.4k 5.00 4044 5.90 -3.11 27.6 5.00 -2.1L  27.6 ;s%
68 .25 2,25 9,00 40.18 9,00 40,18 6.00 =320 35.6 6.00 <3.26  35.6 1
B4 =2.50 2,90 B.00 +0.90  8.00 +40.90 6.0 -3.59 38.6 6.00 -3.59 38,8 :
70 -2.75  <2.7%  7.00 +0.85 7.00  #0.85  5.50 -3.73 334 .50 ~3:73 33.b L
59 ~3.00 3,00 T.00 41,50 7.00 4l.h 5,00 -b.0S 375 5.00 4,05 19.5 ]
60 <3.50 -3.90 T.00 £0.58  7.00  40.58
T2 -3.90  -3.90 T7.50 «0.57 T80 40.57 j
61 -h00 b0 6,00 40.39 6.00  40.19
72 <kaas  Ba25 B0 4050 800 40,50
T3 k.50 450 8,00 +0.08  8.00  +0.08 Uamouflet rang :
62 ~heS0 LB 7.00 0.2 T.00  +0.12 .
63 ~5.50 5,50 10,0 40,12 10,0  45.2
v B 5,50 6.00 40.03 6.00 +0.03
§5 .00 W7.00  6.00 40.03 6.0D 4003 :
&5 ST TS50 5,00 +0.01 5.00 $0.01
7 -B.00 S8.00  5.00 40,01  5.00  40.0%
Charge Welght: 1/2 1b, 0.4
Th  <5.56  -7.00 7.00 40.01  B.81 40.01
75 <6.35  -B.00 wemea aooa-
76 -7 -300 O 0 0 0
I R T 5.00 +0.01 6.30  40.01 Camouflet rangs
79 -8.33 -¥.5 0 0 0 0
86  «8.73 -11.0 0 0 ) 0
81 <9.35 =11.5 0 ¢ 0 0
T 9452 «12.0  caces  ssmes  ceess  wowwe
%
¥
3
2
i
¥
1
Rote: Minus sign refers to telow original ground; plus c'sn sbove original grounmi.
g“
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«8.60 .00 2,70 9.70 2.0 10:1 ¢ 270 S 278 R0 1041
-'5.00 ﬁaac{' 2‘65': 4"?.:54"2 an% ¥ atm :—2a59 ) : 2."42 x 2»5& 8318
: "ch ‘1909 éo.uf;f?' ga% 265:5 806’9 EnSS 2056 gc% 8:69
D el0,0 10,0 2.0 2.9 2.50 8. 2.50 2.98 2.51 8.190
~3k.0 wil,0 2,43 240 245 6.98 29&-3 240 2.4z 6,58

Table 3 %
. o gemougist shmsuresemve in Tesns and Clev 4
‘ h'u n 5 D Y i / i e ¥l
Gboat g v ay ; 3 3 3 ,
5 Bn. . T w3 gl s w3y
¥easurements in loess Soil, Chargs Wolght: 8 Ibh, Cub _,
€2 =10.9 ~5,00 h.B% 483 L.8h 60.28 202 2.h2 2.4h2 To5h ?
63 wJ.O;O "5-%» ' 5933 5’5'39 5022 TE!?J- 2-55 2-65 246‘1 9;&‘}
Hoaguraus 12t r:m 10 Losen Boll, Ches, 58 Wedyhts 1b, G
32 <325 <325 RgR ek 223 L0k 282 2.2 283 6.0b %
3@ wfﬁugfﬁ ‘"’_,Qaﬁ_"' 2'19 t ngzlq‘ 2.% 6-13. r ,QQIQ 303}'? ﬁ-% &»1&
§ 9 350 3,50 236 230 232 647 238 230 2.3 6,17
,:‘x 15} ..'_“307'5 “.3079 2153 atw 2«‘“5 o Tn?l : 20%#‘ 2_015‘33 eo% H ?051
; 1)4’ “ﬁt? K "3973 .Qu% 2,00 2&3-5 R '6 i cﬁeSQ -L,,, C2.00 B 'eaﬁ : 15-"'&5
20 w00 =Bl 259 2,50 2.5 T62 0 2,59 250 2,5 7.62
13 =l ,00 :_-11-900 2.1 2,00 205 448 2430 B\GH  B.06 ok
11 w300 B0 2,35 280 2,27 5.Th 2.3 2.8 - 2.27 5,74
7 «6.00 45,00 2,32 2208 2,30 6.5 @ 2.32 228 230 6.76
2 "60@ écm gc‘%"{? 2638 Euhg 755'8 :2-"7'6 . 2.38 r 2.552 Ll 755‘8
i
]
é
8

R R N T R AR AT R e s R
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Meamurensta in fosse Goll, Cheeps Usights  3/2 ib, 04
i 2,18 275 .55  R.50  1.50 1.9 2,08 1.89 1.98 3.85 %
h3 -2.50 =335 185 150 156 1.98 2,08 1.89 1.80 3.9 i
bg «2.50  =3.15 2.80 1% 1.5% 1.8 2,08 1,69 1.956 3.62 y%-
37 '3.00 “‘307a 10?? 1.65-) 1070 2«36 3«33 E-O'!'é aal‘h lf‘:?a g
55 «3.00 -3,T8  1.7%  1.68 171 2.7 2.15 2.12 2,16 5.k g
b5 2310 3,90 170 1.60 185 2,36 214 2,02 2.08 .72 |
41 23,0 3,80 177 L.TR 1.7h 278 2023 8,17 2.20 9,32 i
38 «3.25 k08  1.56  1.52 186 1.89 1.97 1.92 1.0% 3.78
Lo -3.25 <408 1.8 1.80 1.8 z.42 5,33 2.27 2,30 5.6 i
'_"I
Hassurezents in Tosss 8011, Chavge Weight: 1/8 1b, Cob g
3!6 ‘205(’ "'5-00 lem 1.05 1002 0997 2»00 EolO 2-(}2& 7-98 '?
85 «2-{50 "50@9 0095 1.05 1-033 0952 149‘0 2010 2050 7062 é
¢
5 Mesguramsnts in Clav Soil, Charge Yoight: 1 b, C-b g :
i ¥
g; 60 "3050 ‘3&% 2035 2035 2030 7'1'{ 203; 2026 2-30 7017 b
$ T3 «3.80 22,90 2,30 240 2.35 T.15 2.30 2,40 2435 7.15
: 61 4.00 +4,00 2.30 2.36 2.3 s 2.30 2.38 2.3 6.54 §
‘{ 73 -1&.25 ~'<h25 2.10 2-30 2.20 5:87 2,10 2030 2.20 5-87
3 62 4,50 <4.30 2,20 2.18 219 5.79 2.20 2,18 2.19 5.79 §
65 ~7.00 =7.00 2,09 2.22 2.6 528 2.8 2.22 2.16 5.28 !
| Measurements in Clay Soil, Charge Veight: 2/2 b, C-b §
j i NULY, S B, AR T I ) B e che a— e mote 2
i T -9,13 -11,50 1.80 1.%% 1.67 2.42 2.27 1.9 i oy L84 ¥
!} 81 "9052 -12.0 1095 1-92 10915 3‘“’1 2-&6 2.“52 2-152' 6-88
b
2 i
| = :
1 Botor HMinus sign zefers 0 below original ground; plng aign above originnl g-ound. g
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iseguremanty in Yoeag Soil, Oheres Heishts 1 15, b
9' “3050 "3»-%"3 o O’Gf’. . QG‘QB = 5}@91 L 'chﬁ‘ 0003
13 “3.75 =375 Q.05 0,02 001 Y] 2.05 Q.02
3 500 <500 003 0.0 00X O 0,03  0.0L
1z #3,00 «2,00 G085 0.02 0L 0 O 0.05 0,02
i3 5,00  <B.00 0,03 0.0l £.00 o 0.03 Q.01
1/!1' ‘”3-?’5 . “3#?_;3 i 00{3% S Qa“}g” Qaﬂfs.’ ) \ Ow% K Onﬁﬁ
5 =3.00 '«3,00 0.06 0,02 0.00 0 0067 0,02
1.5 "2055 .‘“955@ Oyas 0002 0'503. . @ 0»08 iy Jow 9502
e 2.? '*8.'5{’ ‘_.’24150 Grifgs“‘ (3:0?3 e 0'}01 . 0 ¥ QoO"%‘ i “Qaﬁfi.’
13 w3, G 2,00 Gsﬁﬁ i Do Gl g Qlﬂ’ﬁ Qoﬁl
19 <0 0 0.0L 0 . 0. 0 o012 O
% "zéoﬁﬁ "&-w -Oam ¥ 05_0 . 0003; Q 0»‘3’4 : che
21 “'2060 -‘"Som GQGS gnﬁ'a 4l o-g‘l . Q - 9905 OnQQ
2 woelB50 0 1,500 0,05 001 0 L 0.05 0.01
23 0,80 «0,% 002 Q0 . O 0 . 0lee 520
2h 1,00 =31,00 0.0 Q01 O g 0.0 0,01
25 0 0 's) 4] 0 0 0 0
26 «1,00 ~1,00 .08 0.1 O 0 0.0 0,01
27 "'0050 "Qoso 0.03 0 o 0 ana Q
28 23,50  «1.00 0.0 001 0 O 0.0 0,01
29 2,75 2.5 0.00 0,02 0,01 4] 0,09 0.02
30 “3025 "3025 3-09 0003 0.0% G 0009 9.03
33 2,5 2,75 0.08 0.2 0,01 3] 0.0  g.02
32 ~3.85 -3,25 0,03 0,08 0,01 0 Q.05 0.02
33 ”2‘??5 ":‘fa*ﬁ 0.0? OOG""! Oeol 0 O)G? 00(}2
Yeasuresents in Ioees Soil, (Qves Weieht: 1/2 1b, o-b
Pk 0 0 0 0 0 0 0 0
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